Objectives: To compare the short-term complications of unilateral versus single-session bilateral medial patellar luxation surgery in small dogs.
INTRODUCTION
Medial patellar luxation (MPL) is one of the most common orthopaedic conditions in veterinary medicine and frequently affects toy or small breed dogs (Priester 1972 , Willauer & Vasseur 1987 , Remedios et al. 1992 , Hayes et al. 1994 , LaFond et al. 2002 , Arthurs & Langley-Hobbs 2006 , Johnson et al. 2006 , Mortari et al. 2009 , Campbell et al. 2010 , Linney et al. 2011 , Segal et al. 2012 , Fujii et al. 2013 , Wangdee et al. 2013 , Cashmore et al. 2014 , Bosio et al. 2017 . Surgical correction of MPL is recommended for the treatment of lameness associated with MPL, with multiple studies reporting minimal to no lameness after surgical correction in 77 to 92% of the dogs (DeAngelis & Hohn 1970, Willauer & Vasseur 1987 , Remedios et al. 1992 , Roy et al. 1992 , Vasseur 2003 , Piermattei et al. 2006 , Linney et al. 2011 , Segal et al. 2012 , Clerfond et al. 2014 , Stanke et al. 2014 .
Dogs that present with bilateral MPL often require bilateral surgery (Vasseur 2003 , Piermattei et al. 2006 , Alam et al. 2007 , Daems et al. 2009 , Clerfond et al. 2014 , Fullagar & Hettlich 2014 , Stanke et al. 2014 . Whether bilateral MPL surgery should be staged or performed at a single session is unknown. Singlesession bilateral surgery offers the advantages of a single anaesthetic event, single recovery period and potentially lower cost. Multiple studies suggest there is no difference in complication rates between unilateral and single-session bilateral MPL surgery (Cashmore et Stanke et al. 2014 , Gallegos et al. 2016 . However, verifying this conclusion is difficult because of limitations in study design and contradictory findings in dogs undergoing singlesession bilateral lateral patellar luxation surgery.
A recent study by Gallegos et al. (2016) evaluated the complications and short-term outcome in small dogs undergoing single-session bilateral MPL surgery. Although complication and recurrent luxation rates were similar to previous studies of unilateral surgery, the study did not include a unilateral group with which to directly compare and the same corrective procedures were not performed in every stifle.
To date, there is only one study that directly compares unilateral with single-session bilateral MPL surgery (Clerfond et al. 2014) . Even though Clerfond et al. (2014) found no significant differences between the groups in regards to postoperative complications and outcomes, the number of dogs in each group was low (24 dogs in the unilateral group and 27 in the bilateral group).
Two other recent studies also included the analysis of single-session bilateral surgery, although this was not the main focus of the analysis (Cashmore et al. 2014 , Stanke et al. 2014 . Although type (unilateral versus bilateral) of surgery did not have an effect on the risk of complications in either study, limitations of both studies make interpretation of the results regarding bilateral surgery difficult. Cashmore et al. (2014) evaluated major complications and risk factors associated with MPL surgery. Single-session bilateral surgery was evaluated but case numbers were limited (35 dogs in the bilateral group). The study included dogs of varying size (small and large breeds), dogs with concurrent orthopaedic disease [e.g. cranial cruciate ligament (CCL) tear], and dogs undergoing surgical procedures in addition to those typically performed for MPL surgery (e.g. corrective osteotomy, tibial tuberosity/advancement (TT), fabellotibial suture, sartorius release and rectus femoris release). Furthermore, some surgeries were performed by surgical residents, and some follow-up evaluations were performed by telephone contact only.
Similarly, Stanke et al. (2014) evaluated complications and risk factors associated with tibial tuberosity transposition (TTT) for MPL. Single-session bilateral surgery was evaluated but this group included only 13 dogs. The study also included dogs of varying size (toy to large breeds) and those with concurrent orthopaedic disease (e.g. CCL tear). Furthermore, surgical residents performed some surgeries, minimum follow-up time was 30 days, and 35 of 113 dogs had postoperative evaluations performed by telephone or email contact only.
The purpose of our study was to compare the short-term complication rate and type of complications of unilateral versus single-session bilateral MPL surgery in small dogs.
MATERIALS AND METHODS

Case selection
The medical records of all dogs which underwent unilateral or single-session bilateral MPL surgery between January 2004 and July 2016 were reviewed. Dogs were retrospectively placed in one of two groups for analysis based on the type of surgery performed (unilateral versus single session bilateral). Dogs were included in the study if their bodyweight was less than 13•6 kg (30 lb) and if follow-up examinations were performed at 2 weeks and a minimum of 6 weeks postoperatively. Dogs weighing over 13•6 kg were excluded from the study in order to maintain a uniform clinically relevant case population since MPL surgery is typically recommended in small breed dogs (Arthurs & Langley-Hobbs 2006 , Shaver et al. 2014 . Dogs were excluded from the study if they had any concurrent medical or orthopaedic disease (e.g. concurrent CCL tear), femoral or tibial deformity, which required correction, follow-up of less than 6 weeks or inadequate follow-up (e.g. absence of postoperative radiographs and/or lack of MPL grading).
Medical records review
Information gathered from the medical records included animal breed, sex, age and bodyweight; surgeon; pre-and postoperative MPL grade; whether unilateral or bilateral surgery was performed; surgical procedures performed; timing, frequency and type of complications; and timing of last follow-up examination (i.e. number of weeks postoperatively).
MPL was graded pre-and postoperatively on a scale of 0 to 4 based on the following definitions: Grade 0 -the patella is in the trochlea and cannot be luxated; Grade 1 -the patella can be luxated manually but returns to its normal position within the trochlea when released; Grade 2 -spontaneous luxation occurs, and the patella, once luxated, remains so until replaced manually or reduces spontaneously with limb movement; Grade 3 -the patella is permanently luxated but can be reduced manually; and Grade 4 -permanent non-reducible luxation of the patella (Singleton 1969) . MPL grade was recorded independently for the left and right stifles of dogs in the bilateral surgery group.
Major complications were defined as those for which additional surgery was recommended or performed (e.g. recurrent patellar luxation above Grade 1 with concurrent lameness, TT avulsion or fracture, implant migration requiring removal). TT avulsion was defined as the proximal displacement of the TT secondary to implant failure. TT fracture was defined as a fracture of the TT through the Kirschner wire (K-wire) hole with secondary proximal displacement of the fracture segment. Only the presence or absence of a major complication was used to compare the groups rather than the number of complications, so that stifles with more than one major complication were not duplicated in the analysis. Minor complications were defined as those that did not require additional surgery (e.g. Grade 1 recurrent patellar luxation with no associated lameness, incisional infection, seroma formation) nor affect limb function. Complications were recorded independently for the left and right stifles of dogs in the bilateral surgery group. •5 mg/kg bupivacaine (Marcaine; Hospira, Inc.) epidural was administered preoperatively. The affected stifle was clipped and aseptically prepared for surgery. Peri-operative 22 mg/kg cefazolin (Hikma Pharmaceuticals) iv was administered preoperative and every 2 hours intraoperatively.
Surgery
All surgeries were performed by a board-certified surgeon. Each surgeon performed both unilateral and single-session bilateral surgeries. All surgical procedures included either a medial or lateral parapatellar approach to the stifle joint based on surgeon preference. The MPL was repaired with a lateral TTT, medial joint capsule release, lateral joint capsule imbrication and trochleoplasty (wedge recession trochleoplasty or abrasion sulcoplasty) in all cases. For the TTT, an incomplete osteotomy of the TT was performed leaving a distal periosteal attachment. After lateral transposition, each TT was stabilised with two K-wires placed in vertical alignment and directed either perpendicular or slightly distal to the long axis of the tibia. Dogs that received a tension band wire were excluded from the study to eliminate the potential effect of variation in surgical technique on outcome. Routine subcutaneous and skin closure was performed. Postoperative analgesia included 4 mg/kg tramadol (Amneal Pharmaceuticals) orally every 8 to 12 hours and 2•2 mg/kg carprofen (Vetprofen; Belcher Pharmaceuticals, LLC) orally every 12 hours. Postoperative hospitalisation was typically 1 to 3 days.
For the first 2 weeks postoperatively, the owner was instructed to confine the dog to a cage or small room, with leash walks outside for elimination purposes only. During weeks 3 to 6, 5-to 10-minute leash walks twice daily were recommended, but no off-leash activity, running, jumping or playing. Pending examination and radiographic findings at 6 weeks postoperatively, the dog could then gradually return to normal activity.
Follow-up examination and suture removal were performed 10 to 14 days postoperatively, during which the stifle(s) was palpated, and MPL grades were recorded. Additional followup examination was performed at 6 to 8 weeks postoperatively, during which the stifle(s) was palpated and MPL grades were recorded. Radiographs of the stifle(s) were also performed to confirm healing of the osteotomy and appropriate positioning of the implants and patella. Follow-up examination was also performed any time a complication occurred. Any additional follow-up examinations were recorded. A boarded surgeon performed the follow-up examinations for every case.
RESULTS
The records of 788 dogs that underwent MPL surgery between January 2004 and July 2016 were reviewed. The final study population included 169 dogs (185 stifle joints) in the unilateral treatment group, and 82 dogs (164 stifle joints) in the bilateral treatment group. Overall, 66% of MPL surgeries were excluded from this study. The inclusion and exclusion rates were not similar between the groups. Inclusion rate for the bilateral group was 70% versus 30% for the unilateral group.
The number of dogs offered single-session bilateral repair was low. Single-session bilateral MPL surgery was only performed if there were both bilateral MPL and bilateral clinical signs at the initial presentation. Whether single-session bilateral surgery was offered as a treatment option was at the discretion of the primary surgeon. The final decision about the type of surgery was based on both the perceived outcome relayed to the owner from the admitting surgeon and the owner's financial considerations. Single-session surgery was typically offered only to dogs that already fit the inclusion criteria for the study based on the clinical perception that smaller dogs without concurrent orthopaedic issues had fewer complications with single-session bilateral surgery. Thus, the only reason why a single-session bilateral surgery was not included was incomplete follow-up.
Conversely, a large number of dogs underwent unilateral repair. The four main reasons for exclusion (in decreasing order) were bodyweight more than 13•6 kg, concurrent CCL tear, incomplete follow-up and difference in surgical technique. In the unilateral group, 75 (44%) dogs had contralateral MPL (i.e. bilateral MPL) of Grade 2 or less and no associated clinical signs at the time of their initial examination. Twenty-one dogs had surgery on the contralateral stifle at a later date but none of these cases were planned staged procedures (i.e. surgery on the contralateral stifle was not recommended at the time of the initial MPL surgery). Median (range) time between surgeries was 10•5 (1•5-72) months. Data from the surgery on the second stifle were included in the study in 16 dogs as a separate unilateral surgery. These cases were included when surgery was performed on the second stifle, because there was no evidence of pain, lameness or recurrent MPL associated with the initial MPL surgery.
There was no history of previous stifle surgery and no deviation from the four previously listed corrective techniques in any of the cases selected.
Comparison of group characteristics
Both groups appeared to be similar with regard to breed, sex, age, preoperative MPL grade, surgeon and time to follow up. There were 41 different breeds of dogs included in the study with a variety of breeds within each group. The major breeds in the unilateral and bilateral single session groups, respectively, included Chihuahua (n = 22 and n = 17), Boston terrier (n = 17 and n = 6) and mixed breed (n = 31 and n = 7). In the unilateral group, there were 96 spayed female, 16 intact female, 50 neutered male and seven intact male dogs. In the bilateral group, there were 51 spayed female, seven intact female, 22 neutered male and two intact male dogs. Approximately 70% dogs in each group were female. The median (range) age was 2•5 (0•5-11) years for the unilateral group and 2 (0•8-10•5) years for the bilateral group. The median (range) time of follow-up was 6 (6-260) weeks in the unilateral group and 7 (6-156) weeks in the bilateral group.
Preoperative MPL grades in the unilateral group were distributed as follows: 13 (7%) Grade 4, 151 (82%) Grade 3, 21 (11%) Grade 2 and zero Grade 1. Preoperative MPL grades in the bilateral group were distributed as follows: 13 (8%) Grade 4, 115 (70%) Grade 3, 35 (21%) Grade 2 and one Grade 1 (1%). Dogs in the unilateral group weighed more [median (SD) bodyweight 6•3 (3•2) kg] than those in the bilateral group [4•4 (3•0) kg]. The distribution of unilateral and bilateral cases for each surgeon is listed in Table 1 . Tables 2 and 3 . Both postoperative MPL grade and mean postminus pre-MPL grade were lower on average in dogs in the unilateral group compared with those in the bilateral group. The distribution of postoperative MPL grade for both groups is presented in Table 4 . Sixty-four (78%) of the 82 dogs in the bilateral group had a postoperative MPL Grade of 0 in both stifles.
Complications
The distribution of major complications for each surgeon in each group is presented in Table 5 .
Unilateral group
The distribution and type of major complications is presented in Table 6 . Four stifles had two major complications at different times with four stifles having a TT avulsion within 2 weeks of surgery and then later K-wire migrations. TT avulsion occurred initially followed by K-wire migration in all four stifles. The cause of patellar reluxation was confirmed during revision surgery. Stretching or tearing of the lateral joint capsule occurred in all stifles except one. One dog had lateral displacement of the TT, with no proximal displacement, causing lateral patellar luxation. Lateral imbrication technique had been performed using 2-0 or 3-0 polydioxanone (Webmax, Patterson Veterinary) in a simple interrupted or vest-over-pants mattress suture pattern in all but one of these stifles, in which 2-0 polypropylene (Prolene, Ethicon LLC) was used instead. Reluxation occurred between 2 and 6 weeks postoperatively. All stifles with recurrent luxations had lower postoperative MPL grades except one, which had a higher postoperative MPL grade. Each TT avulsion was secondary to fracture of the TT at the level of the K-wire. In four stifles, the distal periosteal attachment of the TT broke and the TT pulled through the K-wires, with the K-wires remaining in the tibia. In one stifle, one K-wire migrated cranially and the other caudally. The TT fractured through the proximal K-wire and the proximal segment of the TT avulsed with the distal piece remaining attached to tibia. There was no evidence of recurrent patellar luxation on examination or radiographs at the time of the TT avulsion. All cases were successfully repaired with replacement of K-wires and placement of a tension band wire.
K-wire migration occurred by a median of 23•5 weeks postoperatively (range of 1•5-260 weeks). K-wire removal was performed using a local anaesthetic alone or in combination with mild sedation. All K-wires were either pushed through the skin or grasped through a small stab incision. All K-wires were easily removed without any complications. The distribution and type of minor complications is presented in Table 7 .
Bilateral group
Complications occurred in 46 (28%) of 164 stifles in the bilateral group. Thirty-three (40%) dogs had complications. Four dogs had multiple complications. One dog had bilateral TT avulsion followed by one stifle having K-wire migration at a later date. One dog had two minor complications (Grade 1 MPL with no lameness and infection) in both stifles. One dog had a major complication (TT avulsion) in one stifle and a major complication (K-wire migration) in the contralateral stifle. One dog had a major complication (reluxation) in one stifle followed by bilateral minor complications (CCL tears) at a later date.
The distribution and type of major complications are presented in Table 6 . When concurrent TT avulsion was not present, patellar reluxation was associated with failure of the soft tissue portion of the initial MPL surgery, based on findings during surgical revision. Stretching and/or tearing of the lateral joint capsule occurred in 15 stifles. The lateral joint capsule sutures either broke or pulled through the joint capsule in three stifles. Lateral imbrication was performed with 2-0 or 3-0 polydioxanone (Webmax, Patterson Veterinary) in a simple interrupted or vestover-pants mattress suture pattern in all but six stifles, in which 2-0 polypropylene (Prolene, Ethicon LLC) was used. Reluxation occurred between 2 and 6 weeks postoperatively. Luxation was related to concurrent TT avulsion in seven stifles. All stifles with recurrent luxations had improved MPL grades except eight which had an identical preoperative and postoperative MPL grade, and one which had a higher postoperative MPL grade. Each TT avulsion was secondary to either the TT fracturing through the K-wire or implant failure. There was no evidence of recurrent patellar luxation on examination or radiographs at the time of the TT avulsion in four stifles. In two stifles, both K-wires migrated cranially and bent resulting in the proximal displacement of the TT. In two stifles, the TT fractured through both K-wire holes and displaced proximally. The K-wires remained in place in the tibia.
In six stifles, both K-wires broke along with the distal periosteal attachment of TT, allowing the TT to displace proximally. In one stifle, both K-wires bent, allowing the TT to displace proximally. There was concurrent Grade 4 (three stifles), Grade 2 (three stifles) and Grade 1 (one stifle) MPL associated with the TT avulsion.
In one dog with bilateral TT avulsions, revision surgery was recommended but declined by the owners, and the tibial tuberosities healed in a proximal position bilaterally with concurrent bilateral Grade 2 MPL. Bilateral hindlimb function was poor so both stifles were classified as having major complications. The remaining nine stifles were successfully surgically repaired with replacement of K-wires and placement of a tension band wire.
K-wire migration occurred at a median of 30 weeks postoperatively (range of 1•5-78 weeks). All K-wires were easily removed in a similar fashion as in the unilateral group without any complications.
The distribution and type of minor complications are presented in Table 7 . Both CCL tears occurred in the same dog and were reported as minor complications as they were not considered to be a direct consequence of the MPL surgery. One dog developed bilateral infection and then later bilateral Grade 1 reluxation with no lameness in either stifle.
DISCUSSION
This study provides evidence of a difference in complications in dogs undergoing unilateral and single-session bilateral MPL surgery. Single-session bilateral MPL surgery was associated with a lower success rate (i.e. higher postoperative MPL grade) and a higher incidence of complications.
The lower complication rate in the unilateral group contradicts findings in previous studies that evaluated single-session bilateral MPL surgery (Cashmore et al. 2014 , Clerfond et al. 2014 , Fullagar & Hettlich 2014 , Stanke et al. 2014 , Gallegos et al. 2016 ). An accurate comparison of our results to what has been previously reported is difficult due to differences in study protocols and outcome measures. Considerable variability in case numbers, inclusion of dogs with concurrent orthopaedic diseases, differences in the definition of a successful outcome, and timing and type of postoperative evaluations exists among these studies and ours. Thus, direct comparison with previous studies should be made carefully. We attempted to address the limitations of the previous studies by including higher case numbers, evaluating dogs with identical surgical procedures, and directly comparing the treatment groups. We believe this provided a more accurate assessment of the treatment groups although a prospective randomised study is required to corroborate our findings. Currently, there are no established guidelines or definitive indications for any type of single-session bilateral surgery. Bilateral surgery is often avoided regardless of the technique being performed due to the concern for increased complications, but conflicting data exists (Priddy et al. 2003 , Kergosien et al. 2004 , Bergh et al. 2008 , Clerfond et al. 2014 , Fullagar & Hettlich 2014 , Shaver et al. 2014 , Gallegos et al. 2016 . Dogs in our study were only operated on if they had associated clinical signs bilaterally since this was the basis for their referral. Justification for bilateral MPL surgery was based on the perception of a lack of increased risk with bilateral MPL surgery in small breed dogs based on previous clinical experience. Even so, the possibility of increased complications compared with staged bilateral surgery was discussed with owners before surgical intervention.
The higher number of major complications in the bilateral group was unexpected, and defining a primary cause is difficult. Dogs in the unilateral group had slightly shorter follow-up times so some complications may have been missed. Another factor to consider is the one suggested by Shaver et al. (2014) who reported on single session bilateral lateral patellar luxation surgery. Shaver postulated that these dogs may place excessive stress on implants and healing tissues. Similarly, Kiefer et al. (2015) reported that single-session bilateral TT advancement for CCL rupture had an approximate four-to fivefold increase in risk of major complications when compared to unilateral surgery. As the cause of the TT avulsions and patellar reluxations appeared to be similar between the groups of our study and surgical techniques were the same, we suspect an increased load from early use of limbs in the bilateral group accounted for the difference in the number of complications. To our knowledge, biomechanical data to support this theory is lacking. Similar concerns have been reported in dogs undergoing bilateral TPLOs, but conflicting reports exist (Priddy et al. 2003 , Kergosien et al. 2004 , Bergh et al. 2008 , Fitzpatrick & Solano 2010 . Further research is needed to corroborate the findings of this study and delineate a cause for the higher rate of complications with bilateral surgery.
As with the effect of bilateral surgery, there are conflicting results in previous studies regarding the effect of higher bodyweight on complications in dogs undergoing MPL surgery (Priester 1972 , Hayes et al. 1994 , LaFond et al. 2002 , Vasseur 2003 , Segal et al. 2012 , Cashmore et al. 2014 , Fullagar and Hettlich 2014 , Shaver et al. 2014 , Bosio et al. 2017 . Dogs in the unilateral treatment group weighed more than those in the bilateral group, and this difference may have influenced the outcome in this group. However, the degree of difference in bodyweight between the treatment groups may not be clinically relevant.
Limitations of our study are based on its retrospective nature and uncontrolled study design. Cases were not randomly assigned to either group and surgeon variability pertaining to the clinical evaluation of the dogs may have biased what type (unilateral or bilateral) of surgery was recommended. Dogs with worse clinical signs or a more severe preoperative MPL grade may have been more likely to undergo unilateral surgery. Owner preference as to which surgery was performed may have also biased treatment decisions.
Conformational abnormalities also could have affected what type of surgery was performed. Although pelvic limb conformation was subjectively assessed preoperatively by physical examination and radiography, objective measurements to definitively define conformation abnormalities were not routinely performed. However, no dogs in either group were considered to have excessive angular deformities requiring correction, so the effect of conformation on complications was considered low.
The effect of surgeon on complications should also be considered. Although multiple surgeons with different experience levels were included in the study, each surgeon was board-certified and the distribution of unilateral and bilateral cases was similar between the surgeons. Also, we attempted to limit the variation in surgical technique with the study inclusion criteria (e.g. including dogs with similar types of TT fixation). Despite this, the influence of surgeon could not be completely controlled. Reducing the number of surgeons included in the study would have been ideal to decrease the effect of surgeon on outcome but this would have considerably reduced the number of cases and could have limited clinical relevance.
Other possible limitations were related to the postoperative evaluations. Follow-up examination was relatively short term (minimum of 6 weeks) in some cases, and certain complications may have been missed. Six weeks was chosen as the earliest time for follow-up because it is commonly used in a clinical setting and healing of the TT and periarticular soft tissues should be sufficient for a successful outcome in most dogs (Kowaleski et al. 2012) . After 6 weeks, the chance of a major complication was considered low. The variation in long-term follow-up examination may have also introduced bias, as dogs with complications may be more likely re-evaluated. A long-term prospective study is recommended to further delineate the effect of bilateral surgery on outcome.
Single-session bilateral MPL surgery was associated with a higher chance of major complications and a higher postoperative MPL grade compared with unilateral surgery. Although single-session bilateral MPL surgery may be useful in certain cases (e.g. dogs that are unable to walk, owner financial constraints), staged bilateral surgery should be considered preferable in dogs for which bilateral MPL surgery is recommended.
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